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The antimicrobial peptides (AMPs) PGLa and magainin 2 (MAG2) found in the
skin of the African frog Xenopus laevis show a synergistic enhancement of their
activity [1]. Both peptides form amphipathic a-helices when binding to a lipid
membrane, and their orientation in membranes have been determined with high
accuracy using solid state 2H-, 15N-, and 19F-NMR.
We have previously shown that PGLa inserts into DMPC/DMPG bilayers in the
presence of an equimolar amount of MAG2, but not on its own, even at high
concentrations [2]. This indicates formation of stable heterodimeric peptide
pores, which in turn can explain the synergism between the peptides. Here,
we show that MAG2, both with and without PGLa, always stays almost flat
on the membrane surface; however, there is a small change in the orientation
in the presence of PGLa, and dynamics is reduced, indicating that a PGLa-
MAG2 complex is formed. In POPC/POPG, both peptides stay flat on the
membrane surface, alone or combined. This is in agreement with our previous
finding that the AMP MSI-103 always stays flat on the surface in unsaturated
lipids (or more generally in lipid systems with negative spontaneous curvature),
but can insert deeper into the membrane in saturated lipids (where the sponta-
neous curvature is positive) [3].
References: [1] E Strandberg, P Tremouilhac, P Wadhwani, AS Ulrich (2009).
Biochim Biophys Acta 1788, 1667-1679. [2] P Tremouilhac, E Strandberg,
P Wadhwani, AS Ulrich (2006). J Biol Chem, 281, 32089-32094. [3] E Strand-
berg, D Tiltak, S Ehni, P Wadhwani, and AS Ulrich (2011). Biophys J 100,
Suppl, 351a-351a.
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Piscidins constitute a family of amphipathic, cationic, antimicrobial peptides
(AMPs) found in the skin, gills and gastrointestinal tracts of hybrid striped
bass. Unstructured in water, they become alpha-helical in the presence of phos-
pholipids. It is believed that their ability to disrupt phospholipid bilayers is re-
lated to their antimicrobial effects on yeasts and bacteria. Interestingly, the
minimum inhibitory concentrations of piscidin tend to be higher for yeasts
than most bacteria. Here, we used Circular Dichroism (CD) and deuterium
solid-state Nuclear Magnetic Resonance (ssNMR) to investigate the
membrane-binding ability and depth of insertion of piscidin 1 in different mem-
brane mimetic systems. Aligned lipid bilayer preparations were made using 3:1
POPC/POPG-d31 (1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine/palmi-
toyl-2-oleoyl-sn-glycero-3-phosphoglycerol-d31) and 3:1 POPC/POPS-d31
(1-palmitoyl 2-oleoyl phosphatidylserine-d31) to mimic bacterial and yeast
cell membranes, respectively. To test the effects of ergosterol, a sterol found
in yeasts, we added 20% ergosterol (molar ratio) to the lipid mixtures. We hy-
pothesized that both PS and ergosterol would reduce the ability of piscidin to
bind and disrupt bilayers.
Deuterium quadrupolar splittings, which were obtained for deuterons in the
methylene and terminal methyl groups of the phospholipid acyl chains, were
used to assess the disordering effect of piscidin on the acyl chains. Our results
suggest that the type of anionic lipid component (e.g., PG versus PS) does not
affect acyl chain disordering by piscidin while ergosterol appears to decrease its
disordering effect. The data also give evidence that membrane-bound piscidin
is located close to the phospholipid headgroups. Overall, these studies help us
gain some insight into specific physicochemical features of lipid membranes
that affect piscidin-lipid interactions. The implications in terms of piscidin’s
mode of action will be discussed.
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Isolated in the mast cells of hybrid-striped sea bass, piscidin 1 (p1) and piscidin
3 (p3) are antimicrobial, cationic, and amphipathic peptides that have demon-
strated broad-spectrum activity against bacteria, and virally infected cells. Bothp1 and p3 adopt an alpha-helical structure when bound to phospholipid mem-
branes. Interestingly, p1 is the more active of the two isoforms, exhibiting
higher lytic activity on different bacterial strains, as well as erythrocytes.
This research uses solid-state NMR to investigate the differences in structure
and dynamics of p1 and p3 bound to different lipid bilayers of biological
relevance.
Our current study aims at elucidating both the structure and dynamics of p1 and
p3 in mammalian mimetic membranes containing cholesterol. Here, we use 4:1
palmitoyl-oleoyl-phosphatidylcholine (POPC):cholesterol (CHL) at a pH of
7.4, to closely mimic the composition of human erythrocytes at physiological
pH. Oriented bilayer samples were prepared with 1:30 peptide:lipid and were
analyzed using high-resolution solid-state NMR that yielded an 15N-1H dipo-
lar coupling as well as 15N and 1H chemical shifts for the amide NH bond of
each residue. Together, these data can be used to compute high-resolution
atomic structures of the two isoforms when bound to the surface of the bilayer.
Dynamics of p1 and p3 have also been investigated using one-dimensional 15N
solid-state NMR. Differences in structure and dynamics for p1 and p3 when
they are bound to mammalian and bacterial lipid systems provide the basis
for identifying structural moieties of the peptides that are directly related to
their respective activities. Enhancing our understanding of how these peptides
interact with different lipid systems will aid in the design of novel antibiotic
pharmaceuticals that exhibit low hemolytic effects, while maximizing inhibi-
tory activity on bacteria.
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Piscidins 1 and 3 are twenty-two-residue-long amphipathic, cationic, antimi-
crobial peptides that have been isolated from hybrid striped bass. Since
pathogens are becoming increasingly resistant to traditional antibiotics, antimi-
crobial peptides such as piscidin may prove to be useful in the future due to
their broad-spectrum of activity against microbes and low induction of bacterial
resistance. While membrane-active and fast-acting piscidins 1 and 3 have been
shown to bind and disrupt bacterial lipid membrane mimics, their mode of ac-
tion against microbes such as bacteria and yeasts is not known.
In earlier studies, we used solid-state NMR to determine the three-dimensional
atomic-resolution structures of piscidin 1 and piscidin 3 in aligned bilayers con-
sisting of 3:1 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC) and 1,2-
dimyristoyl-sn-glycero-3-phospho-rac-glycerol (DMPG). Here, the specific
aim has been to solve the structures of these peptides in 1:1 1-palmitoyl-2-
oleoyl-sn-glycero-3-phosphoethanolamine (POPE) to 1-palmitoyl-2-oleoyl-
sn-glycero-3-phosphoglycerol (POPG) so that we could compare and contrast
these structures with those in 3:1 DMPC/DMPG, a lipid system that has lower
anionic content and does not exhibit the negative intrinsic membrane curvature
of bacterial membranes. We have collected two-dimensional solid-state NMR
spectra on 15N-backbone labeled piscidins in the presence of aligned 1:1
POPE/POPG bilayers. 15N chemical shifts and 15N-1H dipolar couplings
have been combined to obtain the topological orientation of the peptides and
calculate their atomic level backbone structures in the membrane-bound state.
The data indicate that the carboxyl- and amino-ends of the peptides are affected
differently by the changes in lipid composition. We will discuss the implica-
tions in terms of structural features and peptide-lipid interactions that may be
important for piscidin’s mode of action. Overall, these studies performed using
native-like conditions provide us with a better understanding of structure-
function relationships in piscidins and related antimicrobial peptides.
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Antimicrobial peptides (AMPs) are found in almost all organisms as part of the
immune system. Despite sequence variability, they are usually positively
charged and fold in an amphipathic structure upon interaction with biologic
membranes. Esculentin-1b is an interesting 46-mer peptide isolated from the
skin of Rana esculenta, which shows an outstanding antimicrobial activity.
